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A coupled achiral-chiral high-performance liquid chromatographic system has been de-
veloped for the determination of the enantiomers of salmeterol, S-(+)-salmeterol and R-(-)-sal-
meterol in urine. The salmeterol was separated from the interfering components in urine and
quantified on the silica column, and the enantiomeric composition was determined on a Sum-
ichiral OA-4700 chiral stationary phase. The two columns were connected by a switching
valve equipped with a silica precolumn. The precolumn was used to concentrate the sal-
meterol in the eluent from the achiral column before backflushing onto the chiral phase. The

coupled system was validated.
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INTRODUCTION

Salmeterol xinafoate is a long-acting B,-adrenorecep-
tor agonist, used in the treatment of asthma, that has
bronchodilator and anti-inflammatory action. It is mark-
eted, like many other chiral drugs, as a racemate (Bro-
den et al, 1991; Johnson, 1990, 1991 & 1993). How-
ever, it is well established, that single enantiomers
are often much more potent and have reduced side
effects compared to their racemates (Ariéns et al,
1992). For many other B,-agonist, the active isomer is
the R-(-)-salmeterol (Fig. 1) which is 40 times more
potent than S-(+)-salmeterol (Johnson, 1995). In order
to develop a drug which contains only R-(-)-salmete-
rol, a sensitive, accurate and precise method for the
determination of each enantiomer in urine samples
for safety evaluation and pharmacokinetic studies.

The enantiomers of salmeterol can be directly resolv-
ed on a Sumichiral OA-4700 chiral stationary phase
using n-hexane-1,2-dichloroethane-methanol-trifluoro-
acetic acid (240:140:25:1, v/v) as a mobile phase
with a resolution of 1.24. However, this separation
could not be dirctly applied to urine samples due to
interference from endogenous compounds. To over-
come this problem, a coupled achiral-chiral high-per-
formance liquid chromatographic system (Chu et al,
1989 & 1992; Huber et al, 1973; Oda er a/, 1991;
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Rizzi, 1990 & 1991; Wainer et al, 1988) was de-
veloped. In this system, the salmeterol was separated
from interferences in biological matrix and quantitat-
ed on an achiral silica column. The eluent containing
salmeterol was then transferred to a silica precolumn
where the salmeterol was concentrated. The target
compound was then backflushed onto the Sumichiral
OA-4700 chiral column where R-(-)-salmeterol and S-
(+)-salmeterol were stereochemically resolved and the
enantiomeric ratio was determined (Fig. 2).

This paper reports the development and validation
of this achiral-chiral coupled system of the analysis of
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Fig. 1. Structures of enantiomers of salmeterol.



Coupled Column Chromatography in Chiral Separation of Salmeterol 213

(A) Waste

Detector Silica Pump
f Column
5
! )
2 3
Pump Chiral Detector H Waste ’
Column
Pre-
Column
(B) Waste Detector Stlica Pump
Column
6 S
1
2 3
Pump Chiral Detector ‘Waste
Column ’_“ H J
Pre-
Column
Position Time (min) Function
A 0.00~23.49 Waste
B 23.50~25.50 Load salmeterol on silica precolumn
A 25.51~45.00 Elute salmeterol from chiral column

Fig. 2. Schematic diagram of the coupled achiral-chiral column
chromatographic system and positions and functions of switch-

ing.
salmeterol enantiomers in urine samples.

MATERIALS AND METHODS

Materials and equipment

Racemic salmeterol xinafoate was a gift from Glaxo
Korea (Ansan, Korea). The internal standard, bame-
thane hydrochloride was purchased from Sigma (St.
Louis, MO, USA). n-Hexane, 1,2-dichloroethane, ethy-
lacetate and methanol were purchased from ].T Baker
(Phillipsburg, NJ, USA). Trifluoroacetic acid was from
Aldrich (Milwaukee, WI, USA). R-(-)-Salmeterol ans S-
{(+)-salmeterol were prepared from racemic salmeterol
by semi-preparative chiral high-performance liquid
chromatography. All other chemicals were reagent
grade and used as purchased.

The achiral chromatography was performed with a
Shimadzu (Kyoto, Japan) liquid chromatography system
composed of SCL-6B system controller, LC-9A pump,
Rheodyne 7725i injector, RF535 fluorescence detector
set at 280nm for excitation and 305nm for emission,
C-R6A integrator and GL Si-100 HPLC column (5 pm,
4.6x 250 mm, GL Sciences Inc., Tokyo, Japan).

The separation of salmeterol racemate and the int-
ernal standard bamethane from the urine components
was accomplished on the silica column using a mo-
bile phase composed of n-hexane-1,2-dichloroethane-
ethylacetate-methanol-trifluoroacetic acid (240:210:150:
25:1, v/v). The analysis were carried out using a flow
rate of 1.0 ml/min and ambient temperature.

The chiral chromatography was performed with Shi-
madzu LC-9A pump, TSP FL-3000 fluorescence detec
tor (Thermo Separation Products Inc., FL, USA) and Shi-
madzu C-R4AD data processor. The chiral column was
Sumichiral OA-4700 (5 um, 4.6x250 mm, Sumika
Chemical, Osaka, japan). The stereochemical separa-
tion of R-(-)-Salmeterol and S-(+)-Salmeterol was ac-
complished using a mobile phase n-hexane-1,2-dichlo-
roethane-ethylacetate-methanol-trifluoroacetic  acid
(240:210:150:45:1, vA). The analysis was carried out
using a flow rate 1.0 ml/min and ambient temperature.
The two systems were connected through Shimadzu
FCV-2AH high-pressure flow-channel selection valve
equipped with a precolumn (4.6 30 mm) which was
packed with 5 um silica gel.

Sample preparation

One ml aliquot of urine sample and 100 pl of inter-
nal standard solution of bamethane (0.1 pug/ml) were
transferred to a prelabelled culture tube and mixed.
The solid-phase (silica) extraction column was precon-
ditioned by washing with 10 ml of methanol fol-
lowed by 10 ml of n-hexane. The washing solvents
was allowed to pass through with minimum vacuum
(<50 mmHg) which was released immediately after
the solvents eluted from all the cartridges. The pre-
viously mixed urine sample was transfered into the
preconditioned column and minimum vacuum was
applied. When the urine sample in the cartridge reser-
voir had been removed, the vacuum was increased to
500 mmHg for 2 min and then released. Each col-
umn was then washed with 2 ml of n-hexane follow-
ed by 1 ml of acetonitrile under minimum vacuum
until all the washing solvents eluted from the cartrid-
ges. The column was dried by full vacuum for an ad-
ditional 5 min. Salmeterol and bamethane were then
eluted from the silica adsorbent by rinsing with 5 ml
of isopropanol under minimum vacuum until no efflu-
ent was observed. The effluent was evaporated to dry-
ness under the nitrogen gas at room temperature and
the residue was reconstituted in 200 pl of achiral mo-
bile phase and 100 pl was injected into the achiral
HPLC system.

Standard curves and recovery

A standard curve for total salmeterol [R-(-)-salmeterol
and S-(+)-salmeterol] urine concentrations was prepar-
ed by addition of 20, 50, 100, 250, 500 ng/ml to drug-
free urine. The standard curve was constructed by plot-
ting the salmeterol/bamethane peak area ratios versus
known salmeterol concentrations.

The percent recovery and reproducibility of this
method were investigated using drug-free urine sam-
ples spiked with 50, 100, 500 ng/ml racemic salme-
terol with n=5 at each level.
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RESULTS AND DISCUSSION

Chiral semi-preparative HPLC of R-(-)-salmeterol and
S-(+)-salmeterol and determination of the elution order

Salmeterol xinafoate was dissolved in 10 ml of mo-
bile phase. This solution was injected into the semi-
preparative chiral HPLC system and resolved into each
enantiomer on the Sumichiral OA-4700 chiral column
(5 um, 8.0x 250 mm) by the n-hexane-1,2-dichloroe-
thane-methanol-trifluoroacetic acid (240:140:20:1, v/
v) as a mobile phase at room temparature and- flow
rate of 4 ml/min monitered at 280 nm UV.

Fractions containing single enantiomers were collect-
ed and evaporated to dryness under nitrogen stream.
Optical purity was determined by the chiral HPLC us-
ing Sumichiral OA 4700 analytical column (5 um, 4.6
% 250 mm) and n-hexane-1,2-dichloroethane-ethylace-
tate-methanol-trifluoroacetic acid (240:210:150:40:1,
v/v) as a mobile phase. Optical purity of each enan-
tiomer was not less than 99.9%. The direction of ro-
tation (+/-) was determined using a Jasco DIP-1000 di-
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Fig. 3. Chiral semi-preparative HPLC chromatogram of salme-
terol enantiomers. Column; Sumichiral OA-4700 (5 pm, 8.0x
250 mm), mobile phase; n-hexane : 1,2-dichloroethane : meth-
anol :trifluoroacetic acid (240:140:20:1, v/A), detector; UV
280 nm. Peak a; S-(+)-salmeterol, peak b; R-(-)-salmeterol.
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gital polarimeter. S-(+)-salmeterol (Hett et al, 1994)
was eluted first (Fig. 3). The retention time of each
enantiomer was 26.83 and 31.44 min, respectively.

Optimization of coupled achiral-chiral chromatogra-
phic system

The ethylacetate content in the achiral mobile phase
had a profound effect on the separation factors of the
salmeterol, bamethane and three endogeneous peaks,
as shown in Fig. 4. As the content of ethylacetate in-
creased, the capacity factors of salmeterol and bame-
thane decreased but the capacity factors of three uni-
dentified intefering substances did not changed. In
the chiral chromatographic system, the capacity fac-
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Fig. 4. The effect of ethyl acetate concentration in the achiral
mobile phase on the capacity factors of salmeterol, bameth-
ane (internal standard) and interference peaks in the achiral
HPLC system. Mobile phase; n-hexane:1,2dichloroethane:
methanol :triflucroacetic acid (240:210:25:1, v/v) with vary-
ing content of ethyl acetate. O: Salmeterol racemate, [J: Ba-
methane, M: Interference peakl, @: Interference peak2, #:
Interference peak3.
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Fig. 5. The effect of ethyl acetate concentration in the chiral
mobile phase on the capacity factors of salmeterol enan-
tiomers in the chiral HPLC system. Mobile phase; n-hexane:
1,2-dichloroethane : methanol : Trifluoroacetic acid (240:210
:25:1, v/v) with varying content of ethyl acetate. O: R-(-)-
Salmeterol, @: S-(+)-Salmeterol.
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Fig. 6. Representative chromatograms of urine samples on
the coupled achiral-chiral chromatographic system. (A) ach-
iral chromatogram of urine blank (B) achiral chromatogram
of urine spiked with 100 ng/ml salmeterol (C) chiral chro-
matogram after column switching. Peak a; Bamethane, peak
b; salmeterol racemate, peak c; S-(+)-salmeterol, peak d; R-(-)-
salmeterol. Achiral column; Inertsil SIL 100-5 (5 um, 4.6x 250
mm), detector; Ex280 nm Em305 nm, mobile phase; n-hex-
ane:ethyl acetate:1,2-dichloroethane : methanol :trifluoroa-
cetic acid (240:150:210:25:1, vA). Chiral column; Sumichi-
ral OA-4700 (5 um, 4.0x 250 mm), detector; Ex280 nm Em
305 nm, mobile phase; n-hexane :ethy| acetate:1,2-dichloroe-
thane :methanol :trifluoroacetic acid (240:150:210:45:1, vA).

tor of each enantiomer of salmeterol increased and
bandbroadening effect was found (Fig. 5).

Typical chromatograms of the coupled achiral-chiral
chromatographic system for the chiral separation of
salmeterol enatiomers are presented in Fig. 6. Under
the described achiral chromatographic conditions, sal-
meterol and the internal standard produced symmet-
ric peaks which occured at 19.87 and 24.27 min.
Three endogeneous peaks occurring at 14.04, 16.97
and 22.18 min, respectively, were clearly separated
from salmeterol and its internal standard (Fig. 6B). Un-
der the described chiral chromatographic condition,
the retention times of S-(+)-salmeterol and R-(-)-sal-
meterol were 32.16 and 33.84 min, respectively; the
observed stereoselectivity factor (o) was 1.04 and ste-
recchemical resolution (Rs) was 1.56.

Recovery and precision

The standard curve for the salmeterol was linear over
the range investigated and the equation describing

Table 1. Recovery test for the R-(-)-salmeterol and S-(+)-sal-
meterol in human urine (n=5)

Amount Amount .
added Component recovered Iiecovery Precision
(ng/ml) {ng/ml) (%) CV)
25 R-(-)-salmeterol  25.79 103.16 7.06
S-(+)-salmeterol  26.92 107.68 7.32
50 R-(-)-salmeterol  51.15 102.29 7.65
S-(+)-salmeterol  51.99 10399 7.04
250 R-(-)-salmeterol 246.06 98.42 0.75
S-(+)-salmeterol 246.52 98.61 0.75

the curve was y=0.0102x-0.0076 with a correlation
coefficient of 0.9998. The recovery test was carried
out with urine samples spiked with 50, 100 and 500
ng/ml racemic salmeterol. The results are represented
in Table I. The extraction efficiency averaged 102.3%.

The S-(+)-salmeterol/R-(-)-salmeterol peak area ratio
of racemic salmeterol was investigated over the urine
concentration range 0.05~2.0 ug/ml. The peak area
ratio was 1.00 over this range.

The total salmeterol concentrations ([Salmeteroll) were
determined on the achiral section of the coupled ch-
romatographic system and the percentage of S-(+)-Sal-
meterol [%S-(+)-Salmeterol] and R-(-)-salmeterol [%R-
(-)-Salmeterol] were determined on the chiral section.
The both determinations were carried out in a single
experiment. The total amounts of each enantiomers
were calculated using the following equations:

total S-(+)-salmeterol=[Salmeterol]x [% S-(+)-Salmeterol]
total R-(--salmeterol=[Salmeterol] x [% R-(-)-Salmeterol]

The precisions of the assay for the S-(+)-Salmeterol
and R-(-)-Salmeterol were averaged 5.15% and 5.24%,
respectively.

In conclusion, one of the major problems encoun-
tered in the application on HPLC chiral stationary
phase to the analysis of biological samples is the coe-
lution of the enantiomers and interfering compounds
from the matrix because of the low sample capacity.
One solution to this problem is the use of achiral-
chiral coupled column systems in which the enan-
tiomers are separated from interferences from the bio-
logical matrix on the achiral phase and then switched
to the chiral stationary phase for enantiometric an-
alysis. The coupled achiral-chiral system used for the
determination of salmeterol enantiomers in urine has
only a single injector and used a precolumn instead
of a loop, which increased the efficiency of the transf-
er between achiral and chiral systems. The assay des-
cribed in this paper can be used for the pharmacoki-
netic study of salmeterol enantiomer.
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